Soft" fats were found to depress significantly serum cholesterol levels in diets of high energy to protein (E/P) ratio but not in diets of low energy to protein ratios. A low (E/P) ratio depressed serum cholesterol values, regardless of the type of fat in the diet. The E/P ratio may represent the unknown factor in the equations of workers who have tried to relate the effect of dietary fats to serum cholesterol levels.
T HE effect of the energy to protein (E/P) ratio on the serum and carcass cholesterol level lias not been investigated to date. A protein deficient in methionine 1 or carbohydrate 2 and fat 8 "* 1 variations can also affect serum cholesterol levels, but whether the energy value of a diet as calculated from the total caloric intake of carbohydrate, fat and protein may have a relationship to cholesterol levels has not been shown. In the present study the effect of the total metabolizable energy to protein ratio has been correlated with changes in total carcass fat and with changes in carcass and serum cholesterol levels. The E / P ratio of a food item or diet can be calculated by dividing the total available calories in 100 Gm. of the food item or diet by its protein content. For example, a white bread which contains 275 calories in 100 Gm. and 8.5 per cent protein has an E / P ratio of 32.
METHODS
Twenty-four groups of chicks (New Hampshire, Columbian Cross) were kept in 3 replicates of 10 birds each on 2 nutritionally complete basal From the Department of Food Technology, University of Illinois, TJrbana, HI.
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diets. Both of these diets furnished all of the known amino acid, vitamin and mineral requirements but varied in total carbohydrates, fat and protein content. The ingredients in the basal diet which contained corn oil as a fat source have been listed previously. 7 The fat and protein levels of this diet were adjusted by the addition of corn oil and protein (Draekett soybean protein), methionine and glyeine, at the expense of glucose (Cerelose). The ingredients in the basal diet which contained beef tallow are listed in table 1. * In this series 240 one-day-old male chicks were kept on the same basal diet for 7 days and then divided into 8 treatments of 3 replicates of 10 birds each. They were kept in standard chick batteries in a randomized block design and fed the 8 experimental rations ad libitum for a 3 week period. Cholesterol values of 6 individual chicks from each treatment (2 from each replicate) were used for an analysis of variance, the figures reported in this table represent an average of 6 cholesterol values in each treatment.
Least significant difference of serum cholesterol =» 26.3 and 38.0 mg. per cent at 5 and 1 per cent levels, respectively.
Least significant difference of carcass cholesterol -13.3 mg. per cent at 5 per cent level.
The protein levels of this basal diet were adjusted at the expense of glucose by the addition of 3 parts of casein and 2 parts of soybean oil meal in order to keep the quality of the protein level constant.
The birds were weighed at weekly intervals and the experiments terminated after 3 to 4 weeks. Five milliliters of blood from the 2 median chicks in each replicate were obtained via heart puncture and the 6 weighed individual carcasses were then digested with concentrated hydrochloric acid (1 ml./Gm. tissue) at 50 C. for 24 hours. The digest was cooled to room temperature and the fat removed by three separate extractions with Skellysolve F. These extracts were combined, washed free of acid with distilled water, dried with anhydrous sodium sulphate, freed of solvent under vacuum, and weighed. The total protein content of representative birds was determined from an analysis for total nitrogen 1 of known aliquots of the aqueous phase of the acid digest. The serum and carcass cholesterol values were • In this series 600 one-day-old male chicks were divided into 20 treatments with 4 levels of fat (0.2, 10, 20 and 25 per cent) and 5 levels of protein (15, 20, 25, 35 and 45 per cent). The 20 experimental diets were fed ad libitum for a 4 week period. The figures reported in this table represent an average of 6 cholesterol values for 8 treatments, that is, only the 2 extreme levels of fat at each of the 4 protein levels. The linear regression coefficient for serum cholesterol on the basis of all 20 treatments = -2.0 mg. per cent when 1 per cent carbohydrate was replaced by 1 per cent protein.
Average body weight at 0.2 per cent tallow, 331 ±64 Gm.; at 25 per cent tallow 272=*=45 Gm. determined as previously described. 7 ' * All data were subjected to a statistical analysis. 10 
RESULTS
The results indicated that the E/P ratio had a significant effect on serum cholesterol levels. Analysis of variance showed that at low or moderate levels of corn oil statistically significant lower serum and carcass cholesterol levels were noted at an E/P ratio of 11.5 as compared to a ratio of 22.6 (table 2) . At a high level of corn oil, lower carcass but not lower serum cholesterol values were noted at an E/P ratio of 11.5. When the energy supplied by dietary corn oil was increased from 1.3 to 57.1 per cent, the serum cholesterol value decreased from 200 to 136 mg. per cent at an E/P ratio of 22.6 and from 166 to 129 mg. per cent at an E/P ratio of 11.5.
It was interesting to note that almost twice as much total carcass fat was found at an E / P ratio of 22.6 than at an E/P ratio of 11.5 or approximately 9 and 5 per cent respectively. Variations in dietary fat or dietary protein did not alter the percentage oE total carcass fat significantly as long as the E / P ratio remained constant.
The influence of the E/P ratio on serum and carcass cholesterol levels was independent of the type of dietary fat. A "hard" fat such as beef tallow (table 3) gave results similar to a "soft" fat such as corn oil (table 4) . A larger percentage of carcass fat and higher carcass and serum cholesterol values were obtained at E/P ratios between 20 to 30 than at an E/P ratio of 5 to 10 with either beef tallow or corn oil. However, dietary fat did have an effect over and above the E / P ratio; this effect was most pronounced at the high E/P ratios. Lower serum cholesterol levels were noted in chicks fed a high fat as compared to a low fat diet. Although not strictly comparable because of differences in protein source and fat level, birds on 20 per cent corn oil had lower carcass aud serum cholesterol levels than those on 25 per cent beef tallow. On the other hand, when flooding of tissue with fat did not occur, i.e., at low fat levels, a low E/P ratio tended to cancel out differences between the effect of soft versus hard fat on serum and carcass cholesterol levels. Chicks on 1.0 per cent corn oil and 0.2 per cent beef tallow had serum cholesterol values of 194 and 233 mg. per cent at an E/P ratio of 17 to 18 and 145 and 144 mg. per cent at an E/P ratio of 7 to 8, respectively.
The percentage of total carcass fat did not seem to be influenced by the type of dietary fat. In every case the percentage of total carcass fat seemed to be directly dependent on the E/P ratio and independent of the level or type of dietary fat. These results also seemed to indicate that the capacity to store cholesterol was significantly higher when the body tissues contained a larger percentage of fat. Thus, an average of 19 mg. per cent more cholesterol was present in the carcass of birds which contained 9 per cent than in those which contained 5 per cent fat.
DISCUSSION
The present results seem to indicate that the energy to protein or E/P ratio may represent a previously uncontrolled factor in studies involving the effect of changes in dietary patterns on cholesterol metabolism. 4 " 0 The E/P ratio of a diet may, indirectly, also have an important bearing on the total lipid carrying capacity of the serum. It may be argued that basic nutritional information on the effect of the E / P ratio on cholesterol metabolism in the rapidly growing chick cannot be applied to the human dietary pattern. 11 However, until some simple method can be found to obtain a total cholesterol balance in human individuals, it would seem necessary to rely on serum and body cholesterol values in chickens or other suitable experimental animals in order to relate such values to dietary patterns.
In many previous experimental designs, changes in dietary fat have been made by the simple addition of an edible fat to the existing dietary regime. 4 " 0 ' n Such an experimental design may be combined with a deliberate decrease in total food intake. 11 -12 However, as food intake is partially dependent on energy requirements and as fat has a high satiety value, a nondeliberate decrease in food intake may also occur. In either case a decrease in caloric intake will decrease serum cholesterol values. 18 " 15 However, if caloric intake is not restricted and more fat or carbohydrate is consumed, the E/P ratio would increase; then an increase rather than a decrease in body and serum cholesterol would be noted. 10 If, on the other hand, the intake of both fat and protein is increased and the carbohydrate intake decreased sufficiently to cause no change in E/P ratio, a decrease in carcass and serum cholesterol would occur upon the addition of fat to the diet. The present data indicated that in an individual on a diet of high E/P ratio, the decrease would be greater with a soft fat than with a hard fat/ 1 ' °-n -"• 1 8
The serum cholesterol lowering effect of a soft fat would depend on at least 3 factors: the total caloric intake, the E/P ratio, and the metabolic state of the individual. In familial hyperlipemic individuals overloaded with tissue cholesterol, "soft" fats may help to shift cholesterol from the serum to other tissue and may aid in the mobilization and metabolism of cholesterol. 1Br 20 In the normal individual, a temporary change in serum cholesterol may also be noted because of a change in the E/P ratio, but this decrease may or may not be due to an actual decrease in total cholesterol unless the E/P ratio and food consumption are reduced.
Fish products, meats, milk and eggs have a low E/P ratio; candy bars, doughnuts, cookies and pies have a high energy to protein ratio ( diet can be drastically changed by an increase of a single food item such as rice, 21 or by the deletion of a food item such as eggs. For example, the deletion of milk and two eggs from a recommended breakfast 22 will increase the E/P ratio from 23 to 45 and the additional elimination of a good quality cereal such as oatmeal will further increase the E/P ratio to 57 (table 6) . It has been recommended 23 that sedentary man consume 2,400 calories and 70 grams of protein daily; by dividing total calories by grams of protein, an energy protein ratio of 34 is obtained (table 7) . As the South African 24 is reported to eat a diet with an E/P ratio of 35, the Bantu does not seem to suffer in respect to the energy to protein ratio. Keys 8 and others 17 -2S ' 20 have pointed out that the Bantu and the poorer classes of various population groups have lower serum cholesterol values than the wealthier classes in these groups. However, another factor in comparisons of caloric intake of various population groups must be considered. It has been recognized 23 that heavy work called for a higher caloric intake although not necessarily a higher protein intake. The extra calories are "burned u p " in the metabolic cycle and furnish the energy required for the movement of muscles. The Bantu and the poorer classes of various population groups are uot in the fortunate position of being able to purchase and consume extra calories. They must get the energy needed for muscle movement out of the limited amount of calories available to them for body maintenance and thus the uuinber of excess calories available for fat and cholesterol synthesis is decreased.
It is conceivable that an excess intake of protein is not desirable as the excess would be deaminated and the resulting deaminated amino acids could also be converted to acetyl coenzyme A, to fat or to cholesterol. If one assumes that cholesterol and other serum lipids are connected with atherogenesis then the relationship of the E/P ratio to the lipid carrying capacity of the serum may be important to atherosclerosis. Although still fragmentary in the necessary detailed experimental evidence ( fig. 1 ), a schematic diagram which involves at least 6 factors in the lipid carrying capacity of blood serum is offered for discussion: (1) the total calories expended as mechanical energy and thus not available for conversion to lipid; (2) the fat, cholesterol and glycogen storing capacity of the liver; (3) the rate of synthesis of cholesterol esters; (4) the rate of synthesis of cholesterol; (5) the rate of synthesis of fat (fatty acids, triglycerides and phospholipids) ; and (6) the rate of synthesis of lipoproteins. The direction of synthesis of one or more lipid components can be shifted by "catalysts" involved in metabolic processes such as thyroid, insulin, sex hormones, 4 thiouracil, 27 and ENERGY TO PROTEIX RATIO 429 factors which aid in the excretion of cholesterol.
The excess caloric intake, not used for body maintenance, tissue synthesis or mechanical energy, must be converted to either glycogen or lipid. When sufficient glyeogen is stored in the liver, acetyl coenzyme A must follow another path of synthesis. If the energy supply is in surfeit, this path may lead only to cholesterol and fat synthesis. Whether the excess cholesterol will interfere with normal metabolic processes or will be removed from the serum may depend on the presence of essential fatty acids 20 and the ready availability of the necessary amino acids for the synthesis of lipoprotein.
We have previously shown that abnormal amounts of lipid are not found in the serum unless the protein level of the diet is inadequate. 7 Lipoproteins therefore seem to be needed to mobilize fat and to help increase the lipid storage capacity of the tissue. As amino acids are continually deaminated, the sporadic intake of protein may not insure an adequate and continual supply of lipidcarrying proteins. A beef-steak twice a week may add substantially to the average total protein intake but may not make up for a coffee and doughnut type lunch the other days of the week. Furthermore, an excessive intake of a high energy food such as sugar may stimulate carbohydrate breakdown via the hexose monophosphate shunt and thus increase cholesterol synthesis. 28 If an animal fat which contains cholesterol and cholesterol esters is fed, the cholesterol or its esters may be added directly to the cholesterol synthesized in vivo. However, the deliberate feeding of pure cholesterol has not increased serum cholesterol levels 20 and may possibly depress the synthesis of endogenous cholesterol. 30 It may be of interest to note that the endogenous synthesis of cholesterol from acetyl coenzyme A may be irreversible. 31 If this is the case then cholesterol can not be removed through a route which is open for the metabolism of other lipid components in serum. The mechanism through which the E/P ratio affects cholesterol synthesis was not elucidated by the present study. However, it is possible that a low E/P ratio favors exogenous cholesterol metabolism.
The lipid carrying capacity of the serum can probably be increased by an increased synthesis of phospholipid, lipoproteins and the more soluble cholesterol esters of essential fatty acids. 20 If this process is slow enough and "in balance," the lipid material seems to be deposited in adipose tissue. Thus, "fat" birds were found to carry more cholesterol than "lean" birds which may help to explain the lack of statistically significant differences in coronary heart disease between obese and nonobese subjects. 82 If the lipid carrying capacity of the serum is not "in balance," the lipids may be deposited in the arterial system rather than the adipose tissue. It would seem that the simplest way to prevent overloading of the serum with lipid material would involve the consumption of a diet with enough calories to sustain body weight and with as low an E/P ratio as practicable. SUMMAEY "Soft" fats were found to depress significantly serum cholesterol levels in diets of high energy to protein (E/P) ratio but not in diets of low energy to protein ratios. A low energy to protein ratio depressed serum cholesterol values, regardless of the type of fat in the diet.
The E/P ratio may represent an unknown factor in previous attempts to relate the effect of dietary fats to serum cholesterol levels. le sero, sin reguardo al typo de grassia in le dieta.
Le proportion E/P constitue possibilemente un factor significative sed usque nune negligite in essayos a correlationar le grassia dietari con le nivello serai de cholesterol.
